Objective: To address a theoretical debate regarding contributions of self-efficacy and the theory of planned behavior (TPB) in explaining the amount of variance in stage of readiness to exercise among blue-collar workers. Method: A validated questionnaire was used for assessment. Results: LISREL indicated that self-efficacy had the most influence on stage and TPB constructs were subjugated to self-efficacy.
B
lue-collar workers, in comparison to the general population or whitecollar workers, are the highest risk for chronic illnesses because of greater inactivity. [1] [2] [3] [4] [5] [6] [7] Only a small proportion of blue-collar workers participate in worksite physical fitness programs and even fewer of these eligible workers become longterm exercisers. 8 One way to increase the physical activity levels of blue-collar workers is to target them through recruitment efforts and to design appealing worksite interventions. 9 Tailoring interventions for blue-collar workers based on theoretically sound research should increase the likelihood for program effectiveness.
The theory of planned behavior (TPB) 10 and the transtheoretical model (TM) of behavior change 11 have been used as conceptual frameworks in studies of physical activity. Integrated reviews [12] [13] [14] [15] have shown the following: (a) Attitude has consistently predicted intention to engage in physical activity; (b) subjective norm has been inconsistent in predicting intention to engage in physical activity; (c) perceived behavioral control has predicted intention, but has inconsistently predicted physical activity behavior; and (d) the TPB has been shown to explain/predict physical activity intention and behavior. A synopsis of TM studies [16] [17] [18] [19] has shown (a) individuals have been successfully differentiated by constructs from the TM according to stage of readiness to change physical activity behaviors; (b) participants in the precontemplation and con-templation stages reported lower levels of physical activity than did those who were in the action and maintenance stages; and (c) a stage-specific intervention can be successful in advancing subjects between stages of change.
Although both models have demonstrated predictive abilities, there may be benefits to using a multitheoretical approach. Courneya and colleagues 20, 21 indicated that the advantage of the TPB is to explain "why" whereas the TM explains "when" people change their physical activity behavior in stages. The path analysis used by Courneya et al 20, 21 showed that intention to engage in physical activity was significantly correlated with stage of physical activity, and stage was significantly correlated with physical activity. However, the stage-of-readiness-forphysical-activity construct may be confounded in that the measure includes an intention component (precontemplation, contemplation, and preparation) and a behavior component (action and maintenance).
Another variable investigated in studies of physical activity is self-efficacy. 22 In a review of the influence of self-efficacy on physical activity, McAuley 23 concluded the following: (a) Self-efficacy is a significant determinant of exercise adherence; (b) changes in self-efficacy result in positive changes in exercise behavior over time; and (c) future studies should focus on when as well as whether or not a relationship exists between self-efficacy and physical activity.
Self-efficacy also has been found to predict exercise stage [24] [25] [26] and to be significantly related to stage in the behaviorchange process. [19] [20] [21] [22] [23] [24] [25] [26] [27] Researchers 17, 26 found that precontemplators and contemplators had the lowest and maintainers had the highest self-efficacy perceptions. In an exploratory analysis, 25 self-efficacy was the most important predictor of stage of exercise change. Also, it has been reported that self-efficacy increases as people move through the stages of change from precontemplation to maintenance. 17 In terms of use of both the TPB and selfefficacy constructs, there is a debate [28] [29] [30] [31] as to whether Ajzen's 10 perceived behavioral control is the same as Bandura's 22 self-efficacy. Ajzen 10 indicated that perceived behavior control "refers to the perceived ease or difficulty of performing the behavior and is assumed to reflect past experience as well as anticipated impediments and obstacles." Perusal of other works by Ajzen 32, 33 clarifies that impediments and obstacles are related to control over external factors that increase or reduce the perceived difficulty related to performing a given behavior. Bandura 22 stated, "Perceived self-efficacy refers to beliefs in one's capabilities to organize and execute the courses of action required to produce given attainments." Bandura 22 posited that self-efficacy is the effective application of personal means (personal beliefs about one's self) to conduct a behavior to produce outcomes and without means an agent cannot exercise control over outcomes. Bandura further reported that when perceived self-efficacy is included in statistical modeling, (a) perceived behavioral control makes no independent contribution to performance or the response variable, and (b) attitude and perceived behavioral control would be mediating variables in the path between self-efficacy and the response variable. 22 Thus, self-efficacy hypothetically should directly influence behavior and also indirectly influence behavior by its relationship to the mediating variables.
The purpose of this research was to address an ongoing theoretical debate about the contributions of constructs from different theories in explaining exercise behavior. This purpose was accomplished by selecting a statistical technique that evaluates the uniqueness of the measures to their constructs and addressing structural relationships in order to examine the strengths of the contributions and the relationships of the constructs modeled. A practical purpose of the study was to identify variables that differentiated stages of readiness to exercise.
METHODS

Subjects
Of the census (N=529) of blue-collar workers in building, grounds, and maintenance departments in a university setting, a validated, self-administered questionnaire was distributed to 522 workers, and a representative sample of 468 (88.5%) of them completed it. The sample size of 468 was sufficiently large based on a power analysis of alpha at .05 yielding 99% power 34 and the LISREL output pertaining to critical N size. Participants were primarily men (75.9%) who were married (65.6%) and white (94.5%). Their mean age was 43.2 years old (SD=10.9). The largest proportion of subjects reported their highest level of education as high school graduate (41.5%), followed by some college (19.4%), trade or technical school graduate (19.2%), college graduates (10.3%), some high school (7.4%), and < eighth-grade education (2.2%). The committee on the use of human subjects approved the study and research protocol.
Procedures
Subject selection. The purpose of the study was explained at one of 3 mandatory departmental meetings. Workers were assured of voluntary participation and confidentiality. Attendees were asked to complete a questionnaire and to deposit the questionnaire in a drop box if they wished to participate.
Elicitation study. Following Azjen and Fishbein's 10, 35 protocol for questionnaire development, responses obtained from a convenience sample of 21 blue-collar employees during a qualitative elicitation study were used to identify behavioral, normative, and control beliefs for this study. Comparable responses and the most frequent form of responses were grouped together into "modal belief sets." 35 Agreement of judgments from a panel of experts (n=4) in physical activity research and TPB provided evidence for content validity and clarity of the modal belief sets. Likert-type scales were developed from the belief responses representing each modal belief set. Likert-type scales corresponding to each modal belief set also were constructed to measure the evaluation of each belief. Using TPB procedures, 35 behavioral beliefs were weighted by the outcome evaluation, and normative beliefs were weighted by the motivation to comply with the referent. Control belief measures were unweighted.
Questionnaire. Table 1 provides summary information about the questionnaire items. The Table presents variables used to measure each construct, scales of measurement, response adjectives, number of items, minimum and maximum scores, minimum and maximum item-to-total correlations, and Cronbach alphas.
The questionnaire contained 90 items and was divided into the following sections: (a) TPB (58 items), (b) self-efficacy (9 items), (c) stage of readiness (2 items), (d) response bias (10 items), and (e) demographic questions (11 items). Exercise was defined as moderate or vigorous physical activity for 20 minutes each time, at least 3 times a week during free time and that may make the individual's heart beat fast, and make the individual breathe hard and work up a sweat. 36 The definition was listed at the top of each page of the questionnaire as referent when answering questions. As Table 1 shows, at least 2 measures for each construct were used in the analyses because multiple measures are essential to assess measurement qualities in linear structural equation modeling. 37 Because salient beliefs (behavioral beliefs, normative beliefs, and control beliefs) underlie a person's attitude, subjective norm, and perceived behavioral control, the behavioral, normative, and control beliefs were used as indirect measures, and the general measures (attitude, subjective norm, and perceived behavioral control) were used as direct measures for each TPB construct. Principal components factor analyses with oblique rotations confirmed that variables for the behavioral, normative, and control beliefs as well as attitude were correctly clustered according to TPB constructs. All factor analyses results complied with standards of acceptable minimum criterion for factor loadings, eigenvalues, communality, and percent variance explained. 38 Item-to-total correlations also met the recommended minimum criterion of . 30 . 38 All TPB constructs were operationalized and measured using the method of Azjen and Fishbein. 10, 35 The scores were averaged, and some items were reverse scored so higher scores indicated that the respondent possessed more of the attribute.
TPB constructs. The indirect measure of the attitude construct included a variable pertaining to a salient set of behavioral beliefs that performing exercise would lead to an outcome evaluation that would be either "bad" or "good" (eg, "Gives me more energy" or "Would result in sore muscles"). Items consisted of 12 specific behavioral beliefs multiplied by corresponding outcome evaluations for each of the beliefs. The products were summed and averaged for a weighted belief score. 35 The direct or general measure of attitude consisted of semantic differential scales to assess the evaluative dimension of exercise behavior (eg, exercise is "unpleasant/pleasant"). The indirect measure of the subjective norm construct was the normative beliefs or the approval or disapproval of "important referents" (eg, "Physician or nurse" or "Spouse or housemate") with respect to exercise and the respondent's motivation to comply with the desires of the referents. The normative belief measures were multiplied by their corresponding motivation to comply and the products summed. The direct measure of subjective norm consisted of 2 items to determine the following: (a) whether most people important to the person thought he/she should or should not exercise and (b) whether or not the respondent wanted to do what most important others thought with respect to exercising. In keeping with the measurement tradition of Ajzen and Fishbein in which they recommend multiplying the normative belief measures with their corresponding motivation to comply, 35 subjective norm was multiplied by motivation to comply.
The indirect measure of perceived behavioral control was the control beliefs about whether a particular facilitating or inhibiting condition would make exercising easy or difficult (eg, "Having time scheduled for exercise"). The direct measures of perceived behavioral control were (a) how much control the respondent had over performing the behavior and (b) how easy or difficult it would be to perform the behavior.
Self-efficacy. Self-efficacy was measured by the Self-Efficacy for Exercise Scale developed by Sallis et al 40 and adapted for use with blue-collar workers by Muto et al. 41 Factor analysis revealed 2 factors: external constraints (eg, "Exercise when facilities or equipment is poor") and personal constraints (eg, "Set aside time for exercise when you are busy"). Each factor was used as a measure of self-efficacy.
Intention. Intention to exercise was measured with 3 variables. Respondents were asked whether they would intend, try, or make an effort to exercise.
Stage of readiness. Stage of readiness to exercise was measured by a staging scale 26 and recent 2-month past behavior (see Table 1 for the 5 specific stage items). The addition of the second behavioral measure satisfied the measurement requirements for structural equation modeling, 42 and past behavior is postulated to predict future behavior. 10 Therefore, both recent and past behavior would be cogent measures of the stage construct.
Exercise behavior. Two variables of exercise were taken from the Godin Leisure Activity Questionnaire. 43 The first measure required respondents to indicate the times per week they engaged in mild, moderate, or strenuous activity, each of which lasted 15 minutes or more over a typical 7-day period. These 3 items were weighted by the multiples of metabolic (METs) units of above resting metabolism: strenuous = 9, moderate = 5, and mild = 3 METs. Psychometrically, the sum of the products for the 3 scores was divided by 10 to reduce the value to a comparable unit to other measures of variables included in the covariance matrix for LISREL. 44 The second measure required respondents to indicate how often they engaged in regular activity long enough to perspire. The following testretest reliabilities have been reported for the strenuous, moderate, light, and total dimensions of the METs and index of perspiration: .94, .46, .48, .74, and .80, respectively. 43 Concurrent validity has been established with the measure's association with physical fitness criteria.
45
Response bias. The short version of the Marlow-Crowne Social Desirability Index 46 was used to assess whether subjects answered in a socially desirable way. Strahan and Gerbasi 46 reported reliability from .59 to .70 in 4 samples of college students and staff. Correlations between the original 33-item MarlowCrowne Social Desirability Index and the two 10-item scales were all in the .90s. The 8 items in the present study that showed the highest Spearman-Brown split-half reliability (r=.70) were retained for the analyses.
Research design and data analyses. This study used a cross-sectional, survey research design. SPSS/PC 47 was used to conduct a factor analysis and Cronbach alpha reliability on scales, develop a covariance matrix for the linear structural relations (LISREL) analysis, and compute one-way analyses of variance (ANOVAs) assuming independence of the TPB and self-efficacy variables followed by post hoc Tukey Honestly Significant Difference Tests. Tukey tests were used to compare adjacent stages only and not all possible comparisons.
The structural model proposed that physical activity behavior was influenced by intention via stage of readiness. Intention was influenced by attitude, perceived behavioral control, and subjective norm. Attitude and perceived behavioral control were influenced by self-efficacy. Selfefficacy and subjective norm constructs were allowed to correlate with each other. The model assumed uncorrelated error terms.
A measurement (confirmatory factor) model was estimated to determine the relationships between the unobserved model constructs (ie, latent variables) and the measured variables (ie, indicators). A structural (path) model was used to specify the underlying relations among the constructs. Overall fit of the model to the data was assessed with root mean square residual; standardized root mean square residual; chi-squared (χ 2 ); goodness-of fit index; adjusted goodness-of fit index; and parsimony goodness-of-fit index. The larger (less significant) the probability associated with the χ 2 , the better the fit of the model to the data. Critical N values are reported as an indication of power and the minimum sample size required to compute a valid result.
RESULTS
Analyses
Initial. Respondents had a modest social desirability response set in that the mean score on the Social Desirability Scale was 11.16 (SD=1.36), nearer the median of the scale that was from 8 to16. Pearson correlation coefficients for the social desirability variable and the measures for attitude, subjective norm, perceived behavioral control, self-efficacy, intention, stage, and behavior were all near zero and nonsignificant (r=-.001 to .04). Therefore, social desirability bias does not seem to have a notable influence in this study.
Analyses were conducted to describe the sample, test underlying statistical model assumptions and assess effects of missing data. None of the following regarding model fit suggested a violation of model assumptions and the use of inappropriate statistical models. A very small percentage (4.9 %) of the cases had miss-ing data. Graphic displays of missing data showed random patterns. Comparison of analyses with and without these cases showed no difference in analyses results. Means were substituted only for the missing response variable values and not for demographic values.
Main. Table 2 provides measures of central tendency for each of the study variables. The mean scores, together with the minimum/maximum scores in Table 1 for the measures of attitude, subjective norm, perceived behavioral control, and self-efficacy, indicate moderate certainty that (a) exercising regularly would lead to positive outcomes and/or that those outcomes would be "good"; (b) respondents were influenced by important others; (c) they perceived behavioral control over carrying out exercise behavior; (d) there were constraints to engaging in exercise behavior; and (e) they intended to engage in exercise behaviors. The mean scores of 2.77 and 2.44, respectively for stage of readiness and recent activity were low. The mean for behavior indicates that respondents did not exercise.
The following results are not shown in Table 2 . As expected, workers who reported they were in the precontemplation (26.1%) or contemplation (24.4%) stages did not exercise at all. Another 34.6% reported they exercised some, but not regularly. Very few workers reported exercising regularly as indicated by the fact that only 6.8% and 8.1% were classified in the action and maintenance stages, respectively.
LISREL measurement model. A confirmatory factor analysis of the measures showed the following variables shared their origin with another construct: control beliefs with attitude, and the intention, stage, and behavior constructs. Consequently, the control-belief measure and the intention and behavior constructs were eliminated from the structural equation model. Table 3 shows the squared multiple correlation coefficients [reliability (R 2 )] for the measures and lambda coefficients [validity (χ)] for the measurement model used in the structural analysis. Values pertaining to R 2 were moderate; however, when more than one indicator is used, model structure is normally minimally affected. 44 The coefficients showed the measures were significantly unique to their construct as shown by the t statistic values in parentheses.
LISREL structural model. Table 4 presents goodness-of-fit results for the initial and best-fitted structural models. Not shown in Table 4 is that the initial structural model included the exogenous variables of self-efficacy and subjective norm and the endogenous variables of attitude, perceived behavior control, and Table 4 was significant, indicating that the model implied by the covariance matrix and the observed data fit poorly. The root mean square residual and standardized root mean square residual were modest in that the values only approximate an ideal of 0. The following values below indicate that the model had a reasonably good fit: (a) standardized root mean square residual near 0; (b) the goodness-of-fit index of .97, which assesses relative amount of variance and covariance accounted for by the model independent of sample size; and (c) the adjusted goodness-of-fit index of .93, which is adjusted for degrees of freedom. 42 All values in (a) to (c) approximate the ideal of either 0 or 1.0, depending on the fit index. The parsimony goodness-of-fit index was .51, indicating a modestly simplified or "thrifty" model. Based on the modification suggestions in the LISREL output and theoretical considerations, a direct path was added from self-efficacy to stage and because of the negligible negative contribution of subjective norm, it was eliminated. The final model had the best fit and was most parsimonious (see right column of Table 4) . Table 5 shows a further comparison between the initial and the best-fitted model. With respect to the initial model, self-efficacy had a large influence on both attitude and perceived control. Attitude had a larger direct effect on stage than did perceived behavioral control. Unexpectedly, subjective norm had a small, but significant, negative effect on stage. Although not shown in the Table, the variance explained in attitude and perceived behavioral control by self-efficacy was 88% and 37%, respectively, and the variance explained in stage of readiness by attitude, perceived behavioral control, and subjective norm was 54%. The lower half of Table 5 shows direct, indirect, and total effects for the bestfitted model. Self-efficacy continued to have a large direct effect on attitude and perceived behavioral control. The direct effect of self-efficacy on stage also was large and significant. However, the direct effect of attitude on stage diminished and became nonsignificant. Perceived behavioral control had a smaller, but significant, direct effect on stage. Therefore, the indirect effect of self-efficacy on stage became small and nonsignificant with the addition of a direct path from selfefficacy to stage. The variance in attitude and perceived behavioral control explained by self-efficacy was 67% and 40%, respectively, and the variance explained in stage by attitude, perceived behavioral control, and self-efficacy was 68%. This best-fitted model is depicted in Figure 1 .
Analyses of variances (ANOVAs).
Oneway ANOVAs between stages of readiness (independent variable) and the variables from the TPB and self-efficacy (dependent variables) showed significant differences. The omnibus results for behavioral beliefs, normative beliefs, control beliefs, attitude, subjective norm, difficulty exercising, control of exercise, and external and personal constraints (self-efficacy) were all significant, F(4, 463)=23. 16, 12.63, 11.93, 27.72, 6.50, 29.68, 8.96, 27 .00, 29.38, P<.0001, respectively.
The Tukey Honestly Significant Difference (HSD) post hoc multiple comparisons test indicated statistically significant mean differences between the stage "do not intend to start exercise" (precontemplation) and "thinking about starting exercise" (contemplation) for behavioral beliefs, normative beliefs, control beliefs, attitude, subjective norm, and external and personal constraints (ie, selfefficacy measures), Tukey HSD (4, 463)=-1.69, -2.72, -.48, -.61, -3.91, -.23, -.34, P>.027, respectively. Between "thinking about starting exercise" (contemplation) and "exercising but not regularly" (preparation), the only 2 mean differences that were significant were external and personal constraints, Tukey HSD (4, 463)=-.23, -.21, P> .029, respectively. Between between the initial and best-fitting models. b Subjective norm was eliminated and a direct path was added from self-efficacy to stage.
"exercising but not regularly" (preparation) and "exercising regularly within the last 6 months" (action), the significant mean differences were behavioral beliefs, attitude, and external constraints, Tukey HSD (4, 463)=-2.06, -.68, -.36, P>.04, respectively. Between "exercising regularly within the last 6 months" (action) and "exercising regularly longer than 6 months" (maintenance), none of the mean differences were significant differences.
DISCUSSION
The current study addressed a theoretical debate regarding the contributions of self-efficacy and the theory of planned behavior and incorporating stages of readiness to exercise among a high-risk population of blue-collar workers. The strongest single explanatory variable of bluecollar workers' stage of readiness for exercise was self-efficacy. This finding supports Bandura's 22 contention that selfefficacy beliefs account for most of the variance in expected outcomes when performance determines outcome. The most important construct in this study, therefore, was self-efficacy, and the variables of the theory of planned behavior were subjugated to self-efficacy.
Significant relationships also were found between self-efficacy and attitude and perceived behavioral control. This finding also supports comments by Bandura 22 that attitude, comprising outcome expectancies and evaluations of those outcomes, would depend largely on Readiness for Exercise a person's ability or self-efficacy to perform the behavior. Perceived control may arise from the perception of one's capabilities or incapabilities (ie, self-efficacy expectations). The descriptive data in this study suggest that individuals with higher levels of self-efficacy are more confident in their ability to exercise and perceive greater control over optimizing required opportunities and resources to engage in physical activity. The initial LISREL model showed that the variance explained in attitude by self-efficacy was 88%, and self-efficacy explained 37% of variance in perceived behavioral control. In the final model, the variances explained by self-efficacy change slightly to 67% (attitude) and 41% (perceived behavioral control). The influence of attitude on the stages of readiness to exercise drops from a variance of 42% to 0%, respectively, when a direct path from selfefficacy to stage was added. In addition, self-efficacy, mediated by perceived behavioral control, was found to explain stage of readiness for exercise whereas attitude as a mediator variable had a small, nonsignificant effect on stage of readiness. Consequently, the direct effect of self-efficacy had a much larger effect on stage of readiness for exercise than did either of the 2 mediated effects.
However, it is important not to throw out the baby with the bath water. Examination of the univariate and post hoc tests of variables provides another perspective of the data that might be helpful in planning and conducting interventions. These analyses showed that self-efficacy, along with a composite of variables from the theory of planned behavior, differentiated workers by stage of readiness for exercise. The message emphasis for precontemplators in this population should be on exposure to almost all the variables from the theory of planned behavior and self-efficacy with the exception of 2 variables from the theory of planned behavior: difficulty and control. The message for these workers who are contemplating exercise would be developed from only 2 self-efficacy variables, external and personal constraints. A message to move persons from preparation to action in this study should focus on behavioral beliefs, attitude, and self-efficacy (external constraints). The majority of variables identified by the analyses pertain to the first 3 stages (ie, those who do not exercise at all or who exercise irregularly) or the individuals who would benefit the most from exercising. Interestingly, the data correspond to a public health priority to increase the number Possible limitations of the study should be considered when interpreting the data and planning future research. The first issue is generalizability of the results because this sample was blue-collar workers from one university. A second consideration that also addresses the first is conducting a longitudinal study in the future that tests the same constructs with other worksite populations over time. A third consideration is confounding of measures. Linear structural equation modeling, however, verifies as part of the confirmatory factor analysis, the distinction of measures of constructs. The data in this study show that control beliefs (eg, time for exercise) were similar to the negative behavioral beliefs (eg, is too timeconsuming), which is inconsistent with the theory of planned behavior. Although the separation of beliefs provided information about their importance to stage of readiness in the univariate analyses, perhaps, if control beliefs are assessed in the future, negative behavioral beliefs that correspond to control issues should not be evaluated because the elicited disadvantages of exercising too closely parallel elicitations of control.
The results of this study complement the growing body of knowledge supporting the use of multitheoretical frameworks to explain or predict physical activity behavior. Results revealed that self-efficacy and the theory of planned behavior helped identify potential determinants of behavior related to stage of readiness to engage in exercise. Given the complexity of physical activity behavior, it is important to continue to integrate theories in order to devise the most parsimonious theoretical model with practical application that accounts for the greatest variance in physical activity behaviors among a particularly high-risk population, bluecollar workers.
